In general, perovskite solar cells (PSC) with a sensitized or thin film architecture absorb light from a single illumination. This paper reported a PSC architecture with a semitransparent Au/ITO counter electrode, which allows light to pass it partially. When the device was illuminated simultaneously from both the FTO and Au/ITO sides, the PSC has achieved an overall power conversion efficiency (PCE) 
for the future clean energy applications due to the unique optoelectronic properties of perovskites, such as optical tunability, high absorption coefficients, millimeter-scale charge carriers diffusion length as well as easy fabrication [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The latest highest certificated power conversion efficiency (PCE) of the perovskite solar cell (PSC) is 22.1% and this PCE is achieved with a mixed perovskite light absorber fabricated through a two-step intramolecular exchanging process 1, 8 . In contrast, the PSC fabricated with one step deposition of mixed perovskite light absorber [FA0.81MA0.15Pb(I0.836Br0.15)3] can achieve a comparable PCE (21.6%) [9] [10] [11] [12] [13] to the highest certificated one. Tremendous attention has been paid to the mixed perovskites, which are fabricated through mixing cations and halides since pure APbI3-based perovskites show numerous disadvantages in solar cell fabrication, for example, unfavorable structural phase transition and light-induced trap-state (MAPbI3), degradation upon contact with moisture and solvents (MAPbI3 and FAPbI3), the formation of photo-inactive hexagonal δ-phase and photoactive α-phase during crystallization (FAPbI3), and high temperature to form photo-active phase (CsPbI3) 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] . Mixed perovskite systems have shown the integrated advantages of the constituents while avoiding the weaknesses [8] [9] [10] [11] 23 .
Some transparent electrodes to allow the light to go into the device from both electrode sides have been developed, and this has been discussed in some early photo-electrochemical devices [24] [25] [26] . However, in all the existing PSCs even including all types of other photovoltaic devices, light always goes into the device from the transparent conductive electrode side and the incident light only comes from a single light source. The rear metal electrode mainly functions as a reflector to generate additional energy from diffused light and reflected light to enhance to some extent the absorption efficiency. In this study, unlike a traditional PSC with a thick real metal electrode, the thickness of the rear metal electrode is reduced to 15-30 nm from 60 to 120 nm, and transparent indium tin oxide (ITO) is deposited on the thin Au layer to form a semitransparent Au/ITO electrode 27 , which will allow more light to pass through the rear layer. A dual-irradiation PSC system allowing light to enter into the system from both sides gave the PCE of 20.1 ± 0.8% under dual-irradiation [simulated 1 sun (AM 1.5G) at the FTO side and a white LED at the Au/ITO side].
The new PSC structures with a dual-irradiation system offer a new insight into perovskite photovoltaic physics and device integration, and this type of novel PSC dual-irradiation system is potentially useful for many applications. 
Preparation of the semitransparent Au/ITO electrode

Dual-side illumination performance
A white LED has been utilized for providing another light source for the performance measurement of the same device and the full light spectrum of the LED can be found in Figure 7 . Figure 8a schematically shows the testing system of the device under dual-irradiation conditions. The J-V curves of the PSC device based on different irradiation conditions are given in Figure 8b and the data are summarized in Table 1 .
More specifically, the ITO side shows an overall PCE of 16.6% with a Voc of 1.06 V, Another light source was generated from a LED during the J-V measurement (the full spectra of the LED can be seen in Figure 7 ). Various neutral density filters (Newport)
were used to adjust the light intensity within this study. The solar cells were masked with metal apertures to define the active areas which were typically 0.09 cm The X-ray photoelectron spectroscopy (XPS) spectra were collected with a VG ESCALAB 220I-XL system equipped with an Al K α X-ray source (1486.6 eV). The excitation source of UPS was He I (hν = 21.2 eV). Photoelectrons were collected by a rotatable hemispherical electron energy analyzer. UPS spectra were measured in normal emission to examine shifts of the secondary electron edge.
